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ment; e.g., the concentration of H+ ion—the pH of the envi-
ronment), or a combination comprising at least one of the
foregoing.

[0048] Generally, SMPs are phase segregated co-polymers
comprising at least two different units, which can be
described as defining different segments within the SMP,
each segment contributing differently to the overall proper-
ties of the SMP. As used herein, the term “segment” refers to
ablock, graft, or sequence of the same or similar monomer or
oligomer units, which are copolymerized to form the SMP.
Each segment can be (semi-)crystalline or amorphous and
will have a corresponding melting point or glass transition
temperature (Tg), respectively. The term “thermal transition
temperature” is used herein for convenience to generically
refer to either a Tg or a melting point depending on whether
the segment is an amorphous segment or a crystalline seg-
ment. For SMPs comprising (n) segments, the SMP is said to
have a hard segment and (n-1) soft segments, wherein the
hard segment has a higher thermal transition temperature than
any soft segment. Thus, the SMP has (n) thermal transition
temperatures. The thermal transition temperature of the hard
segment is termed the “last transition temperature”, and the
lowest thermal transition temperature of the so-called “soft-
est” segment is termed the “first transition temperature”. It is
important to note that if the SMP has multiple segments
characterized by the same thermal transition temperature,
which is also the last transition temperature, then the SMP is
said to have multiple hard segments.

[0049] When the SMP is heated above the last transition
temperature, the SMP material can be imparted a permanent
shape. A permanent shape for the SMP can be set or memo-
rized by subsequently cooling the SMP below that tempera-
ture. As used herein, the terms “original shape”, “previously
defined shape”, “predetermined shape”, and “permanent
shape” are synonymous and are intended to be used inter-
changeably. A temporary shape can be set by heating the
material to a temperature higher than a thermal transition
temperature of any soft segment yet below the last transition
temperature, applying an external stress or load to deform the
SMP, and then cooling below the particular thermal transition
temperature of the soft segment while maintaining the
deforming external stress or load.

[0050] The permanent shape can be recovered by heating
the material, with the stress or load removed, above the par-
ticular thermal transition temperature of the soft segment yet
below the last transition temperature. Thus, it should be clear
that by combining multiple soft segments it is possible to
demonstrate multiple temporary shapes and with multiple
hard segments it can be possible to demonstrate multiple
permanent shapes. Similarly using a layered or composite
approach, a combination of multiple SMPs will demonstrate
transitions between multiple temporary and permanent
shapes.

[0051] The shape memory material may also comprise a
piezoelectric material. Also, in certain embodiments, the
piezoelectric material can be configured as an actuator for
providing rapid deployment. As used herein, the term “piezo-
electric” is used to describe a material that mechanically
deforms (changes shape) when a voltage potential is applied,
or conversely, generates an electrical charge when mechani-
cally deformed. Piezoelectrics exhibit a small change in
dimensions when subjected to the applied voltage, with the
response being proportional to the strength of the applied
field and being quite fast (capable of easily reaching the
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thousand hertz range). Because their dimensional change is
small (e.g., less than 0.1%), to dramatically increase the mag-
nitude of dimensional change they are usually used in the
form of piezo ceramic unimorph and bi-morph flat patch
actuators which are constructed so as to bow into a concave or
convex shape upon application of a relatively small voltage.
The morphing/bowing of such patches within the liner of the
holder is suitable for grasping/releasing the object held.

[0052] One type of unimorph is a structure composed of a
single piezoelectric element externally bonded to a flexible
metal foil or strip, which is stimulated by the piezoelectric
element when activated with a changing voltage and results in
an axial buckling or deflection as it opposes the movement of
the piezoelectric element. The actuator movement for a uni-
morph can be by contraction or expansion. Unimorphs can
exhibit a strain of as high as about 10%, but generally can only
sustain low loads relative to the overall dimensions of the
unimorph structure.

[0053] In contrast to the unimorph piezoelectric device, a
bimorph device includes an intermediate flexible metal foil
sandwiched between two piezoelectric elements. Bimorphs
exhibit more displacement than unimorphs because under the
applied voltage one ceramic element will contract while the
other expands. Bimorphs can exhibit strains up to about 20%,
but similar to unimorphs, generally cannot sustain high loads
relative to the overall dimensions of the unimorph structure.

[0054] Exemplary piezoelectric materials include inor-
ganic compounds, organic compounds, and metals. With
regard to organic materials, all of the polymeric materials
with noncentrosymmetric structure and large dipole moment
group(s) on the main chain or on the side-chain, or on both
chains within the molecules, can be used as candidates for the
piezoelectric film. Examples of polymers include poly(so-
dium 4-styrenesulfonate) (“PSS”), poly S-119 (Poly(viny-
lamine) backbone azo chromophore), and their derivatives;
polyfluorocarbines, including polyvinylidene fluoride
(“PVDEF”), its co-polymer vinylidene fluoride (“VDF”), trif-
Iuorethylene (TrFE), and their derivatives; polychlorocar-
bons, including poly(vinylchloride) (“PVC”), polyvi-
nylidene chloride (“PVC2”), and their derivatives;
polyacrylonitriles (“PAN™), and their derivatives; polycar-
boxylic acids, including poly (methacrylic acid (“PMA”),
and their derivatives; polyureas, and their derivatives; poly-
urethanes (“PU”), and their derivatives; bio-polymer mol-
ecules such as poly-L-lactic acids and their derivatives, and
membrane proteins, as well as phosphate bio-molecules;
polyanilines and their derivatives, and all of the derivatives of
tetramines; polyimides, including Kapton® molecules and
polyetherimide (“PEI”), and their derivatives; all of the mem-
brane polymers; poly (N-vinyl pyrrolidone) (“PVP”)
homopolymer, and its derivatives, and random PVP-co-vinyl
acetate (“PVAc”) copolymers; and all of the aromatic poly-
mers with dipole moment groups in the main-chain or side-
chains, or in both the main-chain and the side-chains; as well
as combinations comprising at least one of the foregoing.

[0055] Further, piezoelectric materials can include Pt, Pd,
Ni, T, Cr, Fe, Ag, Au, Cu, and metal alloys comprising at least
one of the foregoing, as well as combinations comprising at
least one of the foregoing. These piezoelectric materials can
also include, for example, metal oxide such as Si02, A1203,
7Zr02, TiO2, SrTi03, PbTiO3, BaTiO3, FeO3, Fe304, ZnO,
and combinations comprising at least one of the foregoing;
and Group VIA and IIB compounds, such as CdSe, CdS,



